Abstract. Eruptive rates in volcanic arcs increase significantly after subduction mega-thrust earthquakes. Over short to intermediate time periods the link between mega-thrust earthquakes and arc response can be attributed to dynamic triggering processes or static stress changes, but a fundamental mechanism that controls long-term pulses of volcanic activity after mega-thrust earthquakes has not been proposed yet.
Introduction
One of the fundamental uncertainties in earth science is the mechanism controlling volcanism in compressional environments. Horizontally oriented stresses during compression produce high confining pressures on incipient flow paths, suppressing vertical flow. Instead, this favours sill development when the pressure of magma at depth exceeds the minimum principal stress. Reviews of the structural and petrological characteristics of volcanic systems associated with reverse and strike-slip faults (Tibaldi et al., 2010) show how evolutionary effects of the local stress field affect eruption rates and volcanic behaviours. Over non-geological time periods, the complexity of these systems is partially due to variations in the loading environment throughout mega-thrust earthquake cycles, from sub-horizontal compression during convergence, to short-lived viscoelastic relaxation during post-seismic periods. Indeed, volcanic belts in convergent margins undergo different tectonic regimes that either restrict or promote vertical migration of deep fluids and magmas by the cyclic loading and unloading of the effective normal stress caused by the recurrence of mega-thrust slips at the subduction interface.
M. Lupi and S. A. Miller: Short-lived tectonic switch mechanism for long-term pulses
A link between mega-thrust earthquakes and volcanic activity was first recognised by Charles Darwin when he noted increased volcanism in Chile following the M8.5 Conceptión 1835 earthquake (Darwin, 1840) . Seismically induced volcanic activity with varying time-and space-scales is now recognised around the globe (Eggert and Walter, 2009) , with examples from the USA (Lipman and Mullineaux, 1981; Sanchez and McNutt, 2004) , Kamchatka (Walter, 2007) , Central America (Williams and Self, 1983; White and Harlow, 1993) , Japan (Koyama, 2002) , and Italy (Sharp et al., 1981; Nercessian et al., 1991; Marzocchi et al., 1993; Nostro et al., 1998) .
Triggered volcanic activity spans a range of timescales and distances (Hill et al., 2002; Delle Donne et al., 2010 ). In the immediate or short term associated with passing seismic waves, mechanical perturbation of the magma reservoir may result in processes such as rectified diffusion, gas exsolution, and/or unclogging of migration pathways (Hill et al., 2002; Brodsky and Prejean, 2005; Manga and Brodsky, 2006) . Such processes may also be enhanced by the overall geological structure at depth (Lupi et al., 2013) . Examples include the Kamchatka M9.0 earthquake in 1952 (Johnson and Satake, 1999) , which was followed by eruptions of the Karpinsky and Tao-Rusyr volcanoes one and seven days, respectively, after the main shock (Walter and Amelung, 2007) , and the Minchinmavida and Cerro Yanteles volcanoes that erupted less than 24 hours after the Conceptión, Chile, earthquake (Darwin, 1840; Cembrano and Lara, 2009) .
Static stress changes induced by slip on the subduction interface develop at short to intermediate timescales, principally by relaxing the normal stress that acts on incipient flow pathways (Cembrano and Lara, 2009 ). The delay between earthquakes and volcanic unrest can extend to years, with some relationship of the hypo-central distance to the volcanic system (Walter and Amelung, 2007) . The rising speed of the magma is principally driven by the content of volatiles in the melt (e.g. Sigurdsson et al., 1999) . Hence, it is not possible to address any relationship between the depth of the magmatic reservoir and the delay of the eruption. However, few examples may provide some insights about the timescale of these processes. For instance, a M8.3 subduction earthquake in 1923 in Kamchatka triggered many subsequent volcanic eruptions in the region, with two in 1923 , one in 1925 , two in 1926 , and one each in 1927 , 1928 , 1929 and 1930 (Eggert and Walter, 2009 ). More recent examples include the Planchón-Peteroa, Puyehue-Cordón Caulle, and Copahue volcanoes that erupted approximately seven, sixteen, and thirty-four months after the M8.8 February 2010 Maule earthquake, respectively. The mechanism driving static stress triggering at intermediate to long timescales remains unclear, but recent studies (Walter and Amelung, 2007; Bonali et al., 2012) suggest that reductions of the effective stress in response to slip along mega-thrust subduction interfaces may contribute to magma mobilisation.
In this paper we expand on this concept to explore longterm and evolving changes in the stress state in the arc following mega-thrust subduction zone earthquakes. We propose a mechanism that operates at timescales greater than the immediate effects of dynamic-stress triggering and long after static stress changes from mega-thrust earthquakes have perturbed the system. We explore the mechanical consequences of a decadal change in the kinematics associated with the post-seismic relaxation and suggest that the tectonic switch from pre-earthquake compression to post-earthquake relaxation results in a dominantly strike-slip stress state emplaced during the "less compressive" time window that follows mega-thrust slips. In this context, increases of crustal permeability via normal stress reduction and strike-slip faulting become the most efficient mechanism for vertical migration of melts and deep slab-derived trapped fluids.
Short-lived tectonic switch: proposed mechanism
We hypothesise that long-term increase in arc volcanism is kinematically controlled whereby post-seismic relaxation of the compressional stress regime initiates short-lived strikeslip kinematics in the volcanic arc. The onset of strike-slip faulting is controlled by (i) the degree of strain partitioning at convergent margins, (ii) the inter-seismic duration that controls the shear stress amplitudes, and (iii) the relative values of the vertical σ v and horizontal σ h principal stresses before the mega-thrust earthquake. The onset of strike-slip faulting promotes an increase of volcanic activity because it provides a short-circuit pathway for upwelling fluids and magmas. Strike-slip faulting dramatically increases the vertical permeability of the crustal transport network and may induce high strain rates in the magmatic reservoir if the magmatic chamber is affected by the fault plane (Chaussard et al., 2013) .
The degree of strain-partitioning strongly affects the switch from reverse to strike-slip environments (Chemenda et al., 2000) . In addition, the closer the absolute values of σ h and σ v are before the mega-thrust earthquake, the more the switch from reverse to strike-slip faulting is favoured. The mechanical argument is illustrated in the 3-D Mohr diagram in Fig. 1 . In compressive subduction systems, thrust faulting is favoured prior to mega-thrust earthquakes, with the maximum principal stress (σ 1 = σ H ) assumed to be horizontal in the direction of convergence, the minimum principal stress (σ 3 = σ v ) vertical (weight of the overburden), and the intermediate principal stress (σ 2 = σ h ) also horizontal and orthogonal to σ H . This stress state favours sill development and thrust faulting but hinders vertical dike formation and propagation (Tibaldi et al., 2010) . The maximum shear stress developed during compression is τ max = (σ H − σ v )/2 and it is proportional to the angle of incidence of the ongoing subduction (Chemenda et al., 2000) . In this stress state, optimally oriented faults are thrust faults dipping at around 30 • Journal of Volcanology and Geothermal Research, 16(1-2):33-56, 1983. ISSN 0377-0273. 545 Figure 1: Mechanical argument for a long-term increase in volcanism following mega-thrust earthquakes. The stress state during compression (loading) encourages thrust faulting and sill development, but limits vertical fluid flow. Beneath the arc, the value of σ v is higher (and close to σ h ) than at same depths in the fore-arc region. Post-seismic unloading reduces the maximum horizontal stress, while simultaneously increasing vertical permeability (increasing fluid pressure) due to the reduction in fault normal stress. Due to the reduction of σ H and moreover σ h , σ v becomes the intermediate principal stress initiating strike-slip faulting in the arc.
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assuming a friction coefficient of 0.6. Slip along the megathrust interface predominantly relaxes σ H . Ignoring poroelastic effects, σ H and σ h are coupled. Both σ H and σ h are continuously reduced during the relaxation process even though σ h is reduced at a lower rate. The overburden σ v remains unchanged, so if σ h reduces below σ v the stress state in the arc emerges as a strike-slip regime. The time required to achieve strike-slip faulting depends on the stress difference between σ h and σ v prior to the mega-thrust earthquake. For this reason, the switch from reverse to strike-slip regimes is favoured in the arc where σ v and σ h are closer (Fig. 1) . This implies that, compared to fore-or back-arc regions, smaller reductions of σ h are needed beneath the volcanic arc for σ v to become the intermediate principal stress.
Supporting arguments
Geochemical studies in arc lavas suggest transport of slabderived fluids originated at depth and mobilised over short timescales (e.g. Sigmarsson et al., 1990 Sigmarsson et al., , 2002 . A textbook example that illustrates the mechanism proposed in this paper is provided by the recent evolution of the Laguna del Maule system, which is a volcanic complex located in the fold and thrust belt of Central Chile, facing the main slip of the Maule earthquake. InSAR studies highlight an inflation phase that began in 2007 and reached an average value of 227 mm yr −1 in early 2012 (Feigl, 2013) . The inflation strongly and suddenly accelerated to 388 mm yr −1 after the occurrence of a strike-slip M6.0 earthquake on 17 June 2012, which occurred beneath the volcanic system (Fig. 2 ). An example of a magmatic province that was likely developed during a period of extension or strike-slip faulting are the Sierra Nevada Batholiths, California, which are thought to have formed as soon as compression ceased (Tikoff and Greene, 1997) . In addition, Mazzini et al. (2009) show that strike-slip faulting may favour the development of piercement structures and faulting as a mechanism for seismic pumping of deeply trapped fluids has been proposed by Sibson et al. (1975) , and contributed to explain aftershock sequences in the Italian Apennines (Miller et al., 2004) , or the emplacement of ore deposits (Cox and Ruming, 2004) .
Our conceptual model is also consistent with other speculative but yet intriguing examples where magma mobilisation is restricted during thrusting and accelerates significantly once large part of the compressive stress is removed via large-scale slip on the subduction zone interface. For instance, studies of crystal growth (Druitt et al., 2012) show that Santorini volcano, Greece, lay dormant for 18 kyr before evolving into a caldera-forming eruption (ca. 1600 BC) in a mere 100 yr. Driessen and Macdonald (1997) highlight the occurrence of seismically induced ruins of the Minoan civilisation on the isle of Thera pre-dating the eruption of Figure 2 : Maps of Sumatra, Chile, and Japan showing locations of shallow aftershock events that followed the mega-thrust events of Sumatra (M8.7, M8.4, M7.9), Maule (M8.8), and Tohoku (M9.0). Blue focal mechanisms identify seismic events with focus depths shallower than 15 km whereas red focal mechanisms show events deeper than 15 km but shallower than 20 km. The depth-range was selected to identify crustal events only (i.e. relevant to brittle deformation of the arc). Focal mechanisms of seismic events with magnitudes smaller than M5 were not always available from USGS, ESMC, and GMT online catalogues and were therefore not plotted to avoid biased estimates of ongoing crustal deformation. White and black-cored circles indicate aftershock activity M>M5 at the subduction interface while red and black-cored circles indicate seismic events (M>M5) in the arc for which focal mechanisms are not available. All the focal mechanism plotted here can be retrieved from catalogue.
22 Fig. 2 . Maps of Sumatra, Chile, and Japan showing locations of shallow aftershock events that followed the mega-thrust events of Sumatra (M8.7, M8.4, M7.9), Maule (M8.8), and Tohoku (M9.0). Blue focal mechanisms identify seismic events with focus depths shallower than 15 km whereas red focal mechanisms show events deeper than 15 km but shallower than 20 km. The depth range was selected to identify crustal events only (i.e. relevant to brittle deformation of the arc). Focal mechanisms of seismic events with magnitudes smaller than M5 were not always available from USGS, ESMC, and GMT online catalogues and were therefore not plotted to avoid biased estimates of ongoing crustal deformation. White and black-cored circles indicate aftershock activity M > M5 at the subduction interface while red and black-cored circles indicate seismic events (M > M5) in the arc for which focal mechanisms are not available. All the focal mechanism plotted here can be retrieved from the CMT seismic catalogue.
Santorini. Given that the earthquake occurred on the Hellenic subduction zone, this event is consistent with our hypothesis where a mega-thrust earthquake transformed the stress state in the arc hosting Santorini into extension or transtension, and possibly initiated the observed rapid magma mobilisation. Another example is the most recent eruption of the Chaitén volcano, Chile, that entered a new eruptive phase in May 2008 after more than 9 kyr of dormancy. Wicks et al., 2011 suggest that mobilisation of the viscous rhyolitic magma that fed the eruption was accelerated by the introduction of (mechanically created) permeability and pressurisation of the magmatic chamber due to the 1960 Valdivia mega-thrust earthquake. Interestingly, a temporary network deployed in 2004 and 2005 around the Chaitén volcano showed clusters of seismicity at the source of that eruption with strike-slip focal mechanisms (Wicks et al., 2011) . Finally, Mount Sinabung in Sumatra, after 400 yr of quiescence, erupted in August and September 2010, 5 yr after the 2005 M8.6 Nias earthquake. The Sinabung volcano, which resides upon the Great Sumatran strike-slip fault, is located about 180 km east of the region of maximum slip during the Nias earthquake (Hendrasto, 2011) .
Strain partitioning and observed focal mechanisms in the arc
If strike-slip faulting contributes to magma mobilisation, then it is important to determine to what extent strike-slip faults in the arc were perturbed from slip on the subduction interface. Figure 3 shows the tectonic settings, the slip distributions, and the direction of the volcanic arcs for Sumatra, Chile, and Japan. In oblique subduction zones the shear component is accommodated in the overriding plate by trenchparallel, regional-scale, strike-slip faults that are localised within the volcanic belt because of the higher geothermal gradients. Several authors investigated the dynamics of strain partitioning using mathematical (Platt, 1993; Braun and Beaumont, 1995) , experimental (Pinet and Cobbold, 1992; Burbidge and Braun, 1998) , and field (Rosenau et al., 2006) studies. Fitch (1972) suggests that the strike-slip component relates linearly to the incidence angle of the subduction, with some relation between normal and shear stresses. Chemenda et al. (2000) highlight that the degree of stress partitioning is proportional to the rate of along-trench translation and inversely proportional to the convergence rate and incidence angle. These observations are consistent with the behaviour in the oblique-subducting margins of Chile and Sumatra where strain is partitioned and where strike-slip faulting occurs in the arc (Fig. 2) . Little partitioning is expected in Japan because of the frontal collision. However, some strikeslip faulting following the Tohoku earthquake was observed along the periphery of the perturbed regions, and close to the Itoigawa-Shizuoka and Ishigaki-Kuga tectonic lines, in proximity of mapped reverse faults. This is in agreement with a progressive reduction of σ h , which promotes σ v to become the intermediate principal stress. However, fault reactivation and magma mobilisation are not always coupled and when this happens (i.e. Laguna del Maule) many (unknown) factors (such as crustal permeability, magma viscosity, current stress-state of the volcanic system) may affect the time delay between faulting and magma mobilisation.
Coulomb stress transfer to the arc
Coulomb stress transfer is a commonly used tool to determine the change in normal and shear stress on defined planes (receiver faults) due to slip on elastic dislocations in a threedimensional half-space (King et al., 1994; Stein, 1999; Toda et al., 2011) . We performed Coulomb stress analysis using published slip distributions (USGS, 2010; Ji, 2013) As receiver faults we used the strike, dip, and rake angle provided by moment tensor solutions of shallow (less than 20 km deep) strike-slip earthquakes listed in the CMT catalogs that occurred in each of the volcanic arcs following the mega-thrust earthquake. Moment tensor solutions for seismic events weaker than M5 are not always available. We only account for the focal mechanism of events larger than M5. We also acknowledge the sensitivity of Coulomb analyses to the selected parameters. Here we are only concerned about the order of magnitude of the stress variations imparted in the arc by the mega-thrust earthquake.
Sumatra
Oblique convergence in Sumatra is accommodated by trench-normal subduction and trench-parallel transform motion along the Sumatra transform fault. Figure 4 shows that the regions where these events occurred were mechanically perturbed by the mega-thrust slip either by increase of shear or normal stress. In the first case, seismic or aseismic lateral slip may shear the magmatic reservoir (for instance located upon the Great Sumatran Fault) reducing its effective viscosity by orders of magnitude and thus enhancing its mobility. In the second case, the reduction of normal stress promotes an increase of permeability and the upwelling of deep fluids that further reduce the effective normal stress bringing faults closer to failure. Based on this we would expect additional events with strike-slip focal mechanism to occur within the next years as post-seismic relaxation of the compressional regime will continue to trigger the transform component of strain-partitioning.
Chile
The region that faces the slip of the M8.8, 2010, Maule earthquake is located north of the Liquiñe-Ofqui transform system, but oblique convergence of the Nazca and South American plates also provides for shear stress development in the thick and old crust north of 37 • S. This is shown by two M > 5 strike-slip earthquakes that occurred 6 months and 30 months after the Maule earthquake in the fold and thrust belt of Central Chile (Bonali et al., 2012) , where lateral motion is not highlighted by mapped strike-slip faults. In the Coulomb analysis in Fig. 5 , we choose receiver faults with strike, dip, and rake determined from moment tensor solutions of the M6.0 strike-slip event in the Chilean arc. The results in Fig. 5 refer to the fault plane subparallel to the direction of the arc; results for the antithetic fault plane striking NW-SE are discussed later. The stress transfer analysis shows effects of the Maule earthquake, and highlights that fault planes subparallel to the direction of the arc were loaded towards failure. Although much of the Coulomb failure stress is due to the reduction of the normal stresses, we also observe a remarkable increase in shear stress. Figure 5 (post-seismic state) shows increased shear and reduced normal stress where observed strike-slip focal mechanisms occurred, indicating that the stress state in the arc is currently accommodating the lateral component.
Japan
In Japan, strain partitioning is negligible because of the nearly frontal subduction of the Pacific Plate beneath the Eurasian Plate. This is also confirmed by the reverse focal mechanisms of large magnitude seismic events occurring in the Japanese arc before the 11 March 2011 mega-thrust earthquake (i.e. on 13 June 2008 or 20 September 2010). The distribution of the volcanic systems in the Japanese arc may also reflect the absence of a through-going strike-slip fault system (Nakamura et al., 1977) . The strike-slip focal mechanisms that immediately followed the Tohoku earthquake are located in complicated regions that accommodate the differential (strike-slip) motion of the Pacific and Philippine plates with respect to the Eurasian Plate. Strike-slip seismic events (blue circles of Fig. 2c ) occur in regions characterised by thrust faulting (i.e. close to the Kuroiwayama, Furumi, Juchihara, and Zenkoji faults -see AIS for a complete database of Japanese faults). The reactivation of such systems with strike-slip kinematics can be explained by the short-lived tectonic switch illustrated in Fig. 1 . Figure 6 shows a Coulomb stress transfer analysis from the slip of the M9.0 2011 Tohoku earthquake (USGS, 2010). As receiver fault we used the plane subparallel to the direction of the arc identified by the focal solution of a M5.4 event (11 April 2011). The analysis shows that the entire region was mechanically perturbed and faults were brought closer to failure, consistently with static stress transfer as an earthquake triggering mechanism. 
Discussion
Sumatra, Central Chile and Japan constitute a spectrum of strain partitioning, and therefore the behaviour of their respective arcs may record this. The Coulomb stress transfer analysis in Sumatra, Chile, and Japan shows that earthquakes with strike-slip focal mechanisms were all brought closer to failure after each of the mega-thrust earthquakes. We recognise that stress transfer results are sensitive to many of the input parameters, and the results can change with uncertainties in the slip distribution and/or the orientation or slip of the receiver faults. Nevertheless, the general behaviour of volcanic arcs is consistent with the Coulomb stress transfer picture that emerges. Namely, a strike-slip regime is activated by mega-thrust earthquakes with an apparent correlation between the degree of strain partitioning and the number of strike-slip earthquakes. Although the time window is different between the three systems (with Japan being the most recent event), there have been six large strike-slip events in the Sumatran arc, two in Chile (far from the Liquiñe-Ofqui transform system), and one in the arc directly behind the Tohoku rupture zone (four around the tectonically complex Itoigawa-Shizuoka and Ishigaki-Kuga tectonic lines).
Geological and geophysical observations show that strain partitioning is most pronounced in Sumatra where the high obliquity of convergence between the Australian and Sunda plates results in convergence accommodated by subduction and the strike-slip component taken up by the Great Sumatran Fault. The recent large intra-oceanic plate earthquakes off Sumatra (Duputel et al., 2012 ) now appear to also take up some strike-slip component, but the existence of the throughgoing Great Sumatran Fault indicates significant shear stress development along the arc. In Central Chile, where a welldeveloped lateral transport system is not apparent, focal mechanisms of recent events confirm that considerable shear stress has developed in the arc (see also Cembrano and Lara (2009) for additional focal mechanisms).
Focal mechanisms are ambiguous as to which fault plane failed. In Sumatra, the likely true fault plane is subparallel to the strike of the Sumatra Fault, while in Japan there appears to be no visible strike-slip system in the arc behind the Tohoku slip zone. Central Chile, where the Maule earthquake occurred, is interesting because it lies to the north of the through-going Liquiñe-Ofqui Fault, and does not appear to exhibit a regional scale strike slip system. Tectonic settings controlled by a strong compressional component show a general diffuse distribution of volcanic centres (Nakamura et al., 1977) , with a direct correlation between convergence and diffusion of the volcanic systems (Tibaldi et al., 2010) . This is consistent with the diffuse distribution of volcanoes in Japan. In Sumatra, volcanic centres are aligned along the Great Sumatran Fault, while in southern Chile the arc is cut by the Liquiñe-Ofqui transform system. The Liquiñe-Ofqui terminates around 38 • S and towards the north the volcanic arc still runs subparallel to the subduction zone.
However, an accurate analysis shows that Chilean and Argentinean volcanoes may also align along apparent NW-SE oriented lineaments, antithetic to the direction of the arc. Interestingly, these lineaments are subparallel to basement NW-SE trending lineaments that have been interpreted as ancient deep structures reactivated as left-lateral strike-slip faults during the development of the volcanic belt (Cembrano and Lara, 2009) . Such structures subparallel to the compressional component of the subduction are comparable to the regional-scale lineaments along which Italian volcanic systems align (Rosenbaum et al., 2008) . Similar structures have also been identified in northern Fiji, Sulawesi, Indonesia, and at the margins of Calabrian, Caribbean and Scotia arcs (Schellart et al., 2002; Rosenbaum et al., 2008) . Cembrano and Lara (2009) highlight that these lineaments can be reactivated by supralithostatic magmatic pressures and our analysis shows that also NW-SE striking faults have been perturbed by mega-thrust earthquakes (Fig. 7) .
If the volcanoes in Central Chile are affected by strike-slip motion along NW-SE trending lineaments, then a conjectural mechanism to explain their reactivation would be the "bookshelf mechanism" (Mandl, 1987) . According to this, shear stress develops along strike-slip faults during convergence, but as the compressional stress σ H is reduced from slip on the subduction zone interface and post-seismic relaxation, deformation is taken up by left-lateral motion along the interfaces of the "books". As stated in Mandl (1987), "[...] when the lateral support is relaxed, the books tilt to one side and shift the plank [...] . The rotation of the books is accompanied by slip between the individual books [...] ." Indeed, regions separated by the alignment of Chilean and Argentinean volcanoes resemble tilted books, and faults can be reactivated by slipinduced static stresses.
From a deformation standpoint, we have shown that the reactivation of the strike-slip component in volcanic arcs is a common post-seismic response to mega-thrust subduction zone earthquakes. Strike-slip faulting is initiated by stress transfer from a slip on the subduction interface. Also, the post-seismic increase of crustal hydraulic properties (due to reductions of the normal stress shown in Figs. 4, 5, 6 and 7) promotes the development of this mechanism. The permeability is strongly (e.g. exponentially) dependent on the effective normal stress acting on steeply dipping fractures (e.g. Sibson (1990) ; Rice (1992) ; Miller et al. (2004); Sibson (2007) ) and vertical diffusion and advection of fast-migrating deep fluids further decrease the effective normal stress at shallower crustal depths (Sibson, 1992; Cox and Ruming, 2004; Lupi et al., 2011) . Our Coulomb study provides a first estimate of the variations of normal and shear stresses imposed by the mega-thrust slip. Such (few-bars) variations may affect the equilibrium of magmatic plumbing systems by reducing the confining pressure on magmatic reservoirs (Wicks et al., 2011) . This can promote the pressurisation of the magmatic chambers by volatile exsolution and initiate inflation (Druitt et al., 2012) . In addition, co-seismic faulting further increases the permeability of the system by creating new fractures (flow paths) inducing fluid pressure cycles that may cause important changes in physical parameters such as seismic velocities, reflectivity, and electrical conductivity within the seismogenic zone (Sibson, 2009) . Such coupled and transient permeability fluid-flow behaviours are thought to be relevant in volcanic and hydrothermal systems, as well as in critically stressed geological environments like subduction zones (e.g. Ingebritsen and Sanford, 1999) . They may also contribute to the formation of gold deposits (Weatherley and Henley, 2013) . Figure 8 summarises the short-lived switch mechanism that we propose to explain the long-term pulse of increased volcanic activity after mega-thrust earthquakes. Namely, the mega-thrust slip reduces the magnitude of the horizontal stress tensors and σ h becomes smaller than σ v .
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Figure 8: Simplified representation of the short-lived tectonic switch that takes place in the arc after megathrust earthquakes. The green arrow indicates σ2 and changes from the pre-seismic to the post-seismic state due to the reduction of σh as described in Figure 1 . Notice that σH and σh reduce, while σv remains unchanged. The cartoon also highlights the increase of crustal permeability due to lateral motion (darker grey lines).
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Fig. 8. Simplified representation of the short-lived tectonic switch that takes place in the arc after mega-thrust earthquakes. The green arrow indicates σ 2 and changes from the pre-seismic to the postseismic state due to the reduction of σ h as described in Fig. 1 . Notice that σ H and σ h are reduced, while σ v remains unchanged. The diagram also highlights the increase of crustal permeability due to lateral motion (darker grey lines).
Conclusions
We proposed a mechanism to explain the pulsing eruptive rates in volcanic arcs over decades in response to megathrust earthquakes. Our hypothesis is based on the enhancement/establishment of strike-slip regimes in the overriding plate of oblique subduction zones after mega-thrust earthquakes. Beneath the volcanic arc, in regions where preslip σ v = σ 3 is close to σ h = σ 2 , the slip-induced reduction of σ H and σ h and post-seismic relaxation of compressional stresses cause in the vertical stress σ v to adopt the intermediate principal stress. The time delay between megathrust earthquakes and subsequent volcanism reflects the time needed to accommodate the new tectonic loading environment, which depends on the degree of strain-partitioning and shear stress development in the arc. Activation of the (steeply dipping) strike-slip regime then promotes vertical magma migration by providing a shorter pathway to shallow depths and through faulting-induced increases in the permeability structure. Upwelling of deep fluids increases pore pressure along the flow path, and thus the effective normal stress acting on steeply dipping fractures and faults reduces even further, initiating a feedback of fracture, flow, and volatile exsolution.
Coulomb stress transfer analyses for Sumatra, Japan, and Chile all show that strike-slip faults that failed after the megathrust earthquake were brought closer to failure by the main event. Future studies and observations should focus on strikeslip events expected to occur in theses volcanic arcs, with efforts in Central Chile to determine which of the ambiguous focal mechanism solutions is the true fault plane and which is the auxiliary fault plane. We also expect that strike-slip faulting in the arcs of Chile and Sumatra will be followed closely by indicators of a rising magma source, including swarms, inflation, and eruptions. Our hypothesis can be tested in a way that includes (i) structural studies of volcanic arcs to confirm the coexistence of strike-slip and reverse faulting regimes; and (ii) seismic, geodetic, and geochemical networks to capture the expected behaviour described in this paper.
